Objective-To update the findings of the 2005 systematic review of population-based studies assessing the epidemiology of gastro-oesophageal reflux disease (GERD).
INTRODUCTION
In 2005, two of the present authors contributed to a systematic review of population-based epidemio-logical studies of gastro-oesophageal reflux disease (GERD). 1 In total, 15 studies were identified that together reported an approximate prevalence of GERD of 10%-20% in Europe and the USA, and of less than 5% in Asia. GERD incidence was reported to be approximately 5 per 1000 person-years in both the UK and the USA. Factors reported to be associated with GERD included comorbid respiratory disease, chest pain and obesity, and a family history of the disease. At the time, it was noted that there was a lack of consensus as to the definition of GERD and, in order to overcome this, included papers were limited to those that defined GERD as either the presence of symptoms of heart-burn or regurgitation on at least 1 day a week if assessed by a questionnaire, or diagnosed by a physician.
There were, however, a number of limitations to the findings of the original review. The majority of the included studies (12 of 15) were carried out in Europe or the USA, with only three being from Asia (Hong Kong or China) and none from other parts of the world. This is a similar pattern to that seen in a systematic review specifically reporting geographical and racial differences in GERD epidemiology. 2 There was also very limited information on the prevalence of GERD in children, with only one prevalence study including individuals under the age of 17 years. Data on the incidence of GERD were also rare. Since 2005, many epidemio-logical studies of GERD have been published and, in 2007, another systematic review suggested that the prevalence of GERD is increasing. 3 In addition, the Montreal definition of the disease was published in 2006, which defines GERD as 'troublesome symptoms and/or complications' resulting from gastro-oesophageal reflux. 4 This consensus also states that, in epidemiological studies, GERD may be defined as mild symptoms occurring on two or more days per week, or moderate-to-severe symptoms occurring on one or more days per week (a threshold often considered troublesome by patients).
In order to take account of more recently published studies and the consensus definition of the disease, we have undertaken an update of the original review. The search strategy, inclusion and exclusion criteria were kept as similar as possible to those used previously. Here, we report the results of this updated systematic literature review.
METHODS

Study selection
Searches were performed in PubMed and Embase for studies published between 1 July 2004 and 20 February 2011 which included the terms 'gastroesophageal reflux', 'GERD', 'GORD', 'heartburn', 'esophagitis' or 'oesophagitis' combined with 'epidemiology', 'epidemiological', 'prevalence', 'incidence' or 'population' in the title, abstract or list of medical subject heading terms (figure 1). Studies were limited to those published in English, and reviews, meta-analyses and editorials were excluded. As, historically, the quality of epidemiological studies of GERD has varied widely, selection criteria for the original review were chosen based on their face validity, with the aim of identifying the largest possible number of comparable, high quality studies. These criteria were also applied to the current review. To be suitable for inclusion, studies had to be population-based, and GERD diagnosis had to be by a clinician or by a symptom-based questionnaire with a recall period of no more than 12 months. Study populations were required to include at least 200 individuals and, to minimise response bias, response rates were required to be greater than 50%. As the prevalence of GERD decreases as the frequency and severity threshold for reporting symptoms increases, 56 GERD was defined as heartburn and/or regurgitation of any severity on at least 1 day a week (found review to be the most commonly used definition of GERD), or diagnosed by a clinician.
In addition, we also included studies that defined GERD according to the Montreal definition. Studies of paediatric patient populations were required to exclude infants aged <1 year or to report the results for infants separately from the rest of the population. All studies identified in the 2005 review were also included. This systematic review was carried out in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 7 
Statistical analyses
Poisson regression models were used to analyse the effect of study year (or, when this information was not available, the year of study publication) and the continent on which studies were conducted on the reported prevalence of GERD. Study year was analysed as a categorical variable, with categories: pre-1995, 1995-1999, 2000-2004 and 2005-2009 , and the earliest category was used when a study was carried out over a period of time encompassing two categories. When an estimate of the prevalence of at least weekly heartburn and/or regurgitation was not available, the prevalence of at least weekly heartburn was used as a measure of the prevalence of GERD. In two separate sensitivity analyses, we used the prevalence of regurgitation as a measure of the prevalence of GERD when the prevalence of heartburn and/or regurgitation was not available, or excluded all studies in which the prevalence of at least weekly heartburn and/or regurgitation was not reported. Estimates of relative risk were calculated as prevalence rate ratios (RRs) with 95% CIs. p Values were calculated using the Wald χ 2 test. We also evaluated temporal trends in disease prevalence separately in studies conducted in North America, Europe and East Asia. When assessing temporal trends in GERD prevalence worldwide, the Poisson regression model was adjusted for the continent on which a study was conducted.
RESULTS
Search results
After the removal of duplicate papers identified in both PubMed and Embase, 2183 articles were found in the database searches for papers published since July 2004. These were screened for relevance based on titles and abstracts, after which 85 full references were obtained for further analysis. After review, 16 were found to be suitable for inclusion (figure 1). Studies were most commonly excluded for not being population-based (31 studies) or not reporting the prevalence of GERD defined as at least weekly heartburn and/or regurgitation, conforming to the Montreal definition, or diagnosed by a clinician (24 studies). Fifteen of the included studies assessed GERD prevalence, while one reported GERD incidence (tables 1 and 3).
Prevalence of GERD
North America-Only one of the 15 studies published since the original review reported GERD prevalence in the USA. This was a survey carried out in 2003 among residents aged 20-95 years in Olmsted County, Minnesota, USA (table 1). 8 A bowel-disease questionnaire that included questions assessing reflux symptoms was sent to 4194 individuals, and 2273 questionnaires (54.2%) were completed and returned. A total of 411 individuals (18.1%) had GERD, defined as at least weekly heartburn and/or regurgitation. This prevalence estimate is similar to that reported in papers published in 1997 and 1999 assessing the same underlying population (approximately 20% in both studies), 910 and most likely greater than that reported in another Olmsted County paper from 1992 that assessed the prevalence of at least weekly heartburn (13.2%) and at least weekly regurgitation (6.5%) separately, but did not report the prevalence of at least weekly heartburn and/or regurgitation together. 11 The population of Olmsted County is predominantly Caucasian (approximately 90%, compared with approximately 80% overall in the USA 12 ), and is sociodemographically similar to the US white population. Another paper included in the 2005 review reported the prevalence of at least weekly heart-burn and/or regurgitation in an employed population in the southern USA to be 27.8%. 13 Taken together, the four studies that reported the prevalence of GERD defined as at least weekly heartburn and/or regurgitation (not heartburn and regurgitation separately) in the original review and the updated searches show the prevalence of GERD in the USA to be 18.1%-27.8% (sample size-weighted mean 19.8%).
South America
Since July 2004 one study carried out in South America has been published that meets the inclusion criteria for our review. Chiocca et al 14 studied the prevalence of GERD in 1998 (published in 2005) among 839 individuals (response rate 83.9%) living in 17 representative geographical regions of Argentina with different population densities. The population for this study was selected from working and elderly populations in companies and community centres, and therefore did not include unemployed individuals of working age. The prevalence of at least weekly heartburn and/or regurgitation was 23.0%, while the prevalence of at least weekly heartburn was 16.9% and the prevalence of at least weekly regurgitation was 16.5%. No South American studies were included in the original review.
Europe
Two studies of the prevalence of GERD in Europe have been published since the original review. Lofdahl et al 15 carried out a postal questionnaire survey in a random sample selected from the general Swedish population (in a narrow age-range of 40-59 years), and reported a prevalence of at least weekly heart-burn and/or regurgitation of 8.8%. A total of 1483 individuals participated in this study, which represented a response rate of 62.5% to an original invited population of 2373. Sampling was based on the age and sex distribution of oesophageal adenocarcinoma according to the Swedish Cancer Registry. The second paper reported the results of the Kalixanda study, also carried out in Sweden, in the Kalix and Haparanda communities in the North of the country. 16 A total of 1000 of 1365 eligible individuals approached (response rate 73.3%) answered a postal questionnaire assessing reflux symptoms. Weekly heartburn and/or regurgitation were experienced by 259 of participants (25.9%).
The original review included six European studies [17] [18] [19] [20] [21] [22] which reported a prevalence of GERD ranging from 9.8% to 18%. Including the results in our updated review, therefore, the range of prevalence estimates has broadened slightly to 8.8%-25.9% (sample size-weighted mean 15.2%), with a tendency for GERD to be more prevalent in northern than southern Europe.
Middle East-Seven studies have been published since the original review reporting the prevalence of GERD in the Middle East, including five in Iran, [23] [24] [25] [26] [27] one in Turkey 28 and one in Israel. 29 Of the five studies based in Iran, four were carried out in Tehran [24] [25] [26] [27] and one among the Qashqai migrating nomads of Fars. 23 In the four studies based in Tehran, the prevalence of at least weekly heart-burn and/or regurgitation varied between 8.7% and 21.2%, with two studies reporting a prevalence of approximately 20%, and the other two reporting a prevalence of approximately 10%. The reason for the differences in the results of these studies is unclear, but may be related to differences in the definitions of heartburn and regurgitation used. Two of the four studies conducted in Tehran also reported the prevalence of at least weekly heartburn (2.2%-9.6%) and regurgitation (7.2%-12.2%) separately. 2426 The survey of 717 (response rate 95.9%) migrating nomads in Fars province in the south of the country found the prevalence of at least weekly heartburn and/or regurgitation to be 33.1%. 23 This estimate is higher than that reported in the other worldwide studies of GERD prevalence, and it should be noted that, as migrating nomads represent a distinct racial subgroup, these results are unlikely to be generalisable to the general Iranian population. The Qashqai migrating nomads move between winter quarters near the Persian Gulf and summer quarters in the Zagros Mountains in the north of Fars province. They live in tents, are highly physically active and have a different diet from urban dwellers. The survey, which had a 12-month recall period, was conducted using face-to-face interviews during May to October 2006 while the population was living in its summer quarters.
In Turkey, Kitapcioglu et al 28 reported the results of a survey carried out in 1998-1999 (published in 2007) of 630 individuals (response rate 83.1%) aged over 20 years in the Asian town of Menderes. The prevalence of at least weekly heartburn and/or regurgitation was 20%, while the prevalence of at least weekly heartburn was 10%, and the prevalence of at least weekly regurgitation was 15.6%. In Israel, Sperber et al 29 reported the prevalence of GERD in a Jewish population (981 individuals, response rate 80.3%). The prevalence of at least weekly heartburn and/or regurgitation was 9.3%. It should be noted that as this study did not include any individuals who were not Jewish, it is not generalisable to the population of Israel as a whole (approximately 75% Jewish 12 ).
Estimates of the prevalence of GERD in the Middle East therefore ranged from 8.7% to 33.1% (sample size-weighted mean 14.4%) or 8.7%-21.2% if the migrating nomads of Fars in Iran are excluded (sample size-weighted mean 13.4%). No studies reporting the prevalence of GERD in the Middle East were available at the time of the original review.
East Asia-In total, three East Asian studies of the prevalence of GERD have been published since the original review: two in China 3031 and one in South Korea. 32 Of the studies in China, Chen et al 30 reported the results of a 2003 survey of 3338 people (response rate 95.0%) aged 18-90 years and randomly selected from the cities of Guangzhou and Huizhou in southern China. The prevalence of at least weekly heartburn was 2.2%, the prevalence of at least weekly regurgitation was 7.0%, and the prevalence of at least weekly heartburn and/or regurgitation was 7.8%. Also in China, the Systematic Investigation of Gastrointestinal Diseases in China (SILC) study reported from a survey carried out in 2007 of 16 078 individuals (response rate 89.3%) aged 18-80 years randomly sampled from urban and rural areas of Shanghai, Beijing, Wuhan, Xi'an and Guangzhou. 31 Overall, the prevalence of at least weekly heart-burn and/or regurgitation was 5.2%, varying between the different regions from 3.2% to 7.5%. In this study, the prevalence of at least weekly heartburn in the overall population was 1.8%, while the prevalence of at least weekly regurgitation was 4.2%. This paper also reported the prevalence of GERD defined according to the Montreal definition for use in epidemiological studies. 4 The overall prevalence of Montreal-defined GERD was 3.1%, varying between 1.7% and 5.1% in the different regions. This was the only study included in this review to use the Montreal criteria for epidemiological studies to define GERD. 4 In South Korea, Cho et al 32 reported from a survey carried out between 2000 and 2001 of 1417 individuals (response rate 78.4%) aged 18-69 years from Asan-si in Chungcheongnam-do Province. The prevalence of at least weekly heartburn and/or regurgitation was 3.5%, the prevalence of at least weekly heart-burn was 2.0% and the prevalence of at least weekly regurgitation was 2.0%. The prevalence of GERD reported in East Asian studies published since July 2004 therefore ranged from 3.5% to 7.8%, comparable with the prevalence range of 2.5%-4.8% reported in studies in East Asian populations included in the original review. [33] [34] [35] Across both reviews, the range of prevalence estimates was 2.5%-7.8% (sample size-weighted mean 5.2%).
Australasia-One study has been published since the original review that reported the prevalence of GERD in Australia. 36 This study assessed the prevalence of GERD among 672 individuals (response rate 72.6%) living in western Sydney, using a validated postal questionnaire with a recall period of 12 months. The prevalence of at least weekly heartburn and/or regurgitation was 11.6%.
Trends in the prevalence of GERD
We analysed the effect of the year a study was conducted (or, when this information was not available, the year of publication) on the estimate of GERD prevalence using a Poisson regression model adjusted for the continent on which the study was conducted. When a study did not include an estimate of the prevalence of at least weekly heartburn and/or regurgitation, the prevalence of at least weekly heartburn was used as a measure of the prevalence of GERD instead. There was evidence for a statistically significant increase in the prevalence of GERD worldwide when studies conducted before 1995 were compared with those published after 1995. However, when comparing studies published in 1995-1999, 2000-2004 and 2005-2009 , this increase appears to level off, with very similar RRs for all of these periods when prevalence estimates are compared with those from studies published before 1995 (table 2) . It should also be noted that only three studies were carried out before 1995, 112021 and only one of these included an estimate of the prevalence of at least weekly heartburn and/or regurgitation. 20 To avoid bias in the results due to the use of the prevalence of at least weekly heartburn when no estimate of the prevalence of at least weekly heartburn and/or regurgitation was available, two sensitivity analyses were conducted. In the first, the prevalence of at least weekly regurgitation was used instead of at least weekly heartburn in such studies. In the second, all studies that did not include an estimate of the prevalence of at least weekly heartburn and/or regurgitation were excluded from the analysis. In both cases, statistically significant increases in GERD prevalence of a similar magnitude were observed as in the original analysis (data not shown).
We also examined temporal trends in GERD prevalence among the five studies from North America, and found that the prevalence of GERD was significantly higher in studies carried out after 1995 than in those carried out before 1995 (RR 1.50; 95% CI 1. In a further analysis in which the prevalence of GERD was compared between continents, prevalence was shown to be the highest in North America, followed by the Middle East, Europe and East Asia (table 2). As only single studies were available from South America and Australasia, these continents were not included in the analysis. When the two sensitivity analyses were conducted as described above, similar geographic trends in the prevalence of GERD were observed (data not shown).
Incidence of GERD
Only one study of GERD incidence published since the original review was identified, which reported incidence in paediatric patients aged 1-17 years in the UK from 2000 to 2005 37 (table 3) . This study by Ruigómez et al used The Health Improvement Network, a large primary care database containing anonymised information on approximately 2.3 million patients currently registered with participating primary care practitioners (PCPs) (approximately 4% of the total UK population). Included patients were required to be aged 1-17 years, to have been registered with their PCP for at least 1 year before the start of the study period, and to have no diagnosis of GERD prior to a first diagnosis in the period 2000-2005. The overall incidence was 0.84 per 1000 person-years. In comparison, two studies of GERD incidence were included in the 2005 review, one from the UK and one from the USA. 3839 Both reported disease incidence in either adult patients or the adult and paediatric populations considered together, and found the incidence of GERD to be approximately 5 per 1000 person-years. The incidence of GERD in children over 1 year of age may therefore be considerably lower than that in the adult population. It should be noted that the study of Kotzan et al from the USA used data from a Medicaid claims database, and is therefore only representative of the low-income population who receive Medicaid.
Factors associated with GERD
While it was not the primary goal of this systematic review to analyse GERD risk factors, several of the studies published in the original review and since July 2004 reported the results of multivariate analyses carried out to identify factors independently associated with GERD (see online supplementary table S1). Factors reported in different studies are variable and results are not universally consistent. However, three studies offered evidence for an association between having GERD symptoms and having a genetically related family member with gastrointestinal symptoms, 101931 while one study showed no association between having GERD and having a spouse with a history of gastrointestinal symptoms. 10 One study failed to show an association between having GERD and having an immediate family history of the disease. 24 Only one study showed that age is associated with GERD, and no studies showed that male sex is associated with GERD. Evidence for associations of GERD with smoking and obesity was conflicting. A complete list of factors assessed and associations found in each study is presented in online supplementary table S1.
DISCUSSION
In this update to the 2005 review of GERD epidemiology, we have identified 15 populationbased studies published since the original literature searches that assessed the prevalence of GERD, and one study that assessed GERD incidence. In total, our review now comprises data from 31 studies, including 28 studies of GERD prevalence that together involved more than 65 000 individuals and three studies of GERD incidence that involved approximately 5.5 million individuals. The geographic profile of studies of GERD prevalence and incidence has changed considerably since 2005. While in the original review 12 of 15 included studies were carried out in Europe or the USA, with the remaining three being based in East Asia, only one of the new studies reported here was based in the USA, two in Europe and three in East Asia. Most new studies have been carried out in regions not previously assessed, particularly the Middle East. Figure 2 shows a map indicating sample-size weighted mean estimates of the prevalence of at least weekly heartburn and/or regurgitation in each country where such an estimate was available. The range of GERD prevalence estimates in Europe and the USA has broadened slightly from those reported in the original review, with estimates including both new and older studies ranging from 18.1% to 27.8% in the USA and 8.8% to 25.9% in Europe. It should be noted that of the studies conducted in the USA, El Serag et al assessed GERD prevalence only in employed individuals, and reported the highest disease prevalence of 27.8%. 13 All other studies from the USA reported prevalence estimates of approximately 20%, but were conducted in Olmsted County, the population of which has little representation from the USA's black, Latin-American or Asian-American populations. The sample size weighted mean estimate of GERD prevalence in the USA was 19.8%.
Estimates of GERD prevalence in the newly studied regions of the Middle East, Australasia and South America are also broad, but appear to be comparable with the 10%-30% range found in Europe and the USA. The highest prevalence estimate, of 33.1%, was observed in the Qashqai migrating nomads in the Fars province of Iran, a population which may not be representative of the whole country. Excluding this study, prevalence estimates in the Middle East are approximately 10%-20%. Prevalence in East Asia is still substantially lower than that in Western populations (2.5%-7.8%). In statistical tests, including sensitivity analyses conducted to avoid bias in the results, we saw evidence that the overall prevalence of GERD has increased since 1995. Our findings are in line with a previous systematic review that also reported an increase in GERD prevalence with time, 3 and with the results of a large Norwegian longitudinal population-based study of the prevalence of gastrooesophageal reflux symptoms that unfortunately did not meet the criteria for inclusion in this review, because the symptom assessment criteria could not be matched with the included studies (the Nord-Trondelag Health Study (HUNT)). 4041 We have also assessed the results of multivariate analyses carried out in the included studies to identify factors associated with the presence of GERD, and have found good evidence for familial clustering of GERD. Conversely, we found little evidence that age is associated with GERD, in agreement with the findings of a recent systematic review, 42 and no evidence that male sex is associated with GERD (two studies showed that female sex was positively associated with GERD). Evidence regarding associations of GERD with other previously studied factors including smoking and obesity were variable. However, it should be noted that our review was not primarily designed to examine GERD risk factors, and excluded studies that did not report population-based estimates of disease incidence or prevalence. Potentially important variables such as Helicobacter pylori infection, 43 abdominal obesity and hiatus hernia 44 are dif-ficult to survey using the questionnaire-based methods commonly used in the studies included in this review.
A strength of this review was the stringent selection criteria applied to the included studies, with a particular focus on the consistency of disease definition, to ensure that GERD prevalence estimates are comparable. The definition of GERD as at least weekly symptoms was found while carrying out the original review to be the measure most often used in GERD epidemiological studies, and therefore allowed for the inclusion of as many studies as possible. 1 It is also approximately in line with the Montreal definition of GERD, which states that 'troublesome symptoms' may be considered to be moderate-to-severe symptoms occurring on one or more days per week (although our definition also includes mild symptoms occurring on one or more days per week). 4 Our estimates will, however, include some subjects who have heartburn generated by mechanisms other than reflux, and will not include those with reflux oesophagitis whose symptoms do not meet the threshold for GERD diagnosis.
Some population-based studies were excluded on the basis that they did not define GERD as at least weekly heartburn and/ or regurgitation, although they were otherwise of high quality. 40 In addition, in order to include as many studies as possible that met the disease definition selection criterion, we used a relatively generous definition of 'population-based', including any studies where patients were not selected on the basis of their health status or healthcare consultation or referral. Studies of nationally representative populations have been conducted only in Europe, and data from local populations in other countries (such as Olmsted County in the USA) may not be generalisable to the country as a whole. It is notable that the two highest prevalence estimates found in the USA and the Middle East both tested populations not fully representative of the general populations of the countries studied. 1323 Excluding these two studies, prevalence estimates for all geographic areas except East Asia are in the approximate 10%-20% range, with the exception of one study carried out in Europe. 16 Although we have included a good number of studies from North America, Europe, the Middle East and Asia, studies meeting our inclusion criteria are still lacking from important developed countries such as Japan, and emerging economies such as Brazil, Russia, India and Africa. There are also still few data regarding the prevalence of GERD in paediatric populations, and few studies of GERD incidence. In addition, although we have included studies of disease incidence, we have not been able to address disease disappearance. However, a high chronicity of the disease has been previously reported, 45 which is consistent with the low rate of symptom disappearance seen in studies not eligible for inclusion in this review. 4146 Disease disappearance is likely to be counterbalanced by disease incidence in creating a constant or increasing overall disease prevalence.
In summary, the results of this updated systematic review show that GERD remains a prevalent disease worldwide, with only East Asia showing prevalence estimates consistently below 10%. The high prevalence of the disease has potentially serious societal consequences, since the pain and discomfort caused by GERD adversely impacts many aspects of patients' lives (including their productivity at work). 47 GERD is also a risk factor for the development of Barrett's oesophagus and oesophageal adenocarcinoma, 48 conditions that are currently rare in Asia, but are increasing in Western populations. 49 
Significance of this study
What is already known on this subject?
▶ In 2005, a systematic review of population-based studies (involving two of the present authors) found the prevalence of gastro-oesophageal reflux disease (GERD) to be 10%-20% in Europe and the USA, and less than 5% in East Asia. ▶ GERD prevalence estimates vary widely, but only East Asian studies show prevalence estimates consistently less than 10%.
▶ Evidence suggests an increase in disease prevalence since 1995.
How might it impact on clinical practice in the foreseeable future?
▶ GERD is likely to remain a common reason for consultation in primary care and referral to secondary care in Europe, North America and other geographic regions, and its prevalence may be increasing. Flowchart of systematic literature searches. GERD, gastro-oesophageal reflux disease; MeSH, medical subject heading. Global distribution of the burden of gastro-oesophageal reflux disease. Sample-size weighted mean estimates of the prevalence of at least weekly heartburn and/or regurgitation in each country. Table 1 Population-based studies of the prevalence of GERD (defined as at least weekly heartburn and/or acid regurgitation, or diagnosed by a physician) included in the review hence >50% male and predominantly of older age. § This is a twin study, and reports the prevalence of GERD among individuals whose twin also responded to the survey (n=3920). The denominator for percentage calculations is therefore 3920, although 5032 questionnaires were returned in total.
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